| IN TR ODUC TION
Acute kidney injury (AKI) is a broad clinical syndrome characterized by sudden renal damage or dysfunction, frequently associated with a reduction in urine output (UO). 1, 2 The diagnosis of AKI still relies on clinical findings and relative or absolute changes in serum creatinine (sCr) and UO in humans. 1 Acute kidney injury is gaining attention in small animal medicine, but universally accepted diagnostic criteria are lacking. 3, 4 Recently, an AKI grading system for dogs was proposed by Cowgill, 5 accepted by the IRIS group (http://www.iris-kidney.com/pdf/ grading-of-acute-kidney-injury.pdf), and applied in clinical settings. [6] [7] [8] [9] Diagnostic criteria and five AKI grades based on medical data, sCr concentrations, and UO are suggested. Definitions for non-azotemic and volume-responsive AKI are proposed in the guidelines. These criteria are still rarely used for AKI diagnosis in veterinary clinical practice.
The terms "volume-responsive" and "intrinsic" AKI have been proposed in human medicine to ameliorate the classification of "prerenal"
and "renal" kidney injury. 10, 11 While the concept of intrinsic AKI refers to structural damage to the renal parenchyma, volume-responsive AKI is characterized by a transient reduction of renal function, which can be reversed after short-term fluid administration. 10, 11 Despite its potential reversibility and superior short-term prognosis, when compared with the intrinsic form, volume-responsive AKI is an independent risk factor for mortality in humans. 12, 13 Moreover, clinicopathological or even pathological findings of renal damage have been detected in the latter state. 11, 12, 14, 15 Studies designed to compare these conditions are lacking in dogs.
Serum and urine chemistry, including the evaluation of the fractional excretion (FE) of electrolytes, are used in the assessment of human AKI aiming to differentiate between functional and structural kidney injury and give prognostic information. 10 Specifically, volumeresponsive AKI is characterized by low (<1%) FE of sodium (FENa), increased (>35%) FE of urea (FEurea), and increased urine creatinine (uCr) to sCr ratio (uCr/sCr; >40). 10 The validity of this diagnostic paradigm in clinical practice, however, has been questioned due to the impact of different confounders (diuretic or vasopressor administration, fluid therapy, or specific AKI etiologies). [16] [17] [18] Fractional excretion of electrolytes have been recently reevaluated in dogs with AKI as readily available and cost-effective markers of tubular damage and kidney function. 2, 7 Fractional excretion of sodium was an early and accurate predictor of AKI in a population of dogs with naturally occurring heatstroke despite fluid resuscitation. 7 Additionally, a recent investigation evaluated the prognostic value of sequential changes of glomerular filtration rate (GFR), UO, and renal solute excretion in 10 dogs with naturally occurring AKI. 2 Increased GFR and UO, and decreased FENa during hospitalization were associated with renal recovery and predicted survival in this population. 2 The main objective of the current study was to evaluate the performance of clinical and clinicopathological variables, focusing on the FE of electrolytes and urea, in early differentiation between volumeresponsive and intrinsic AKI in a population of dogs with naturally occurring AKI and to investigate their potential for outcome prediction at the time of hospital admission. In addition, the prognostic power of an AKI grading system for dogs (http://www.iris-kidney.com/pdf/grading-of-acute-kidney-injury.pdf) 5 was assessed. dogs who received treatments known to increase urinary electrolyte excretion (eg, diuretics, hypertonic saline) before the admission to the ICU were excluded from the study. Additionally, dogs that were euthanized for reasons other than ethical ones were also excluded.
| Grouping
Dogs were graded (I-V) according to the IRIS grading system for AKI at the time of AKI diagnosis and through the overall study period.
Volume-responsive or intrinsic AKI were classified according to the IRIS guidelines for AKI (http://www.iris-kidney.com/pdf/grading-ofacute-kidney-injury.pdf). 5 Specifically, volume-responsive AKI was defined as an increase in urine production above 1 mL kg 21 h 21 over 6 hours of adequate fluid therapy, or a decrease in sCr concentrations to baseline over 48 hours. On the contrary, intrinsic AKI was defined as persistent azotemia for longer than 48 hours, inappropriate oligo/anuria despite appropriate fluid therapy once any volume deficit had been restored and euvolemia achieved, or both. Furthermore, dogs were classified according to their outcome as survivors if discharged alive and as nonsurvivors if they died despite medical treatment or were humanely euthanized for ethical reasons. For all dogs, the total number of days spent in the ICU was recorded. In addition, 14-day survival and 1-month follow-up were recorded for survivors.
A group of dogs (n 5 81) considered healthy according to history, physical examination, and clinicopathological and imaging data were included as controls. where uX and sX were the concentrations of a specific analyte in urine and serum, respectively. Urinary uric acid concentrations were measured using a colorimetric method (URIC ACID OSR6098 Olympus/ Beckman Coulter, O'Callaghan's Mills, Ireland) and expressed as the uUA/uCr ratio. The uCr/sCr ratio was calculated. All analyses were performed using an automated chemistry analyzer (OLYMPUS AU 400, Olympus/Beckman Coulter, Brea, California). 
| Clinical and clinicopathological data

| Statistical Analysis
| R E SULTS
A total of 135 dogs with AKI were included in the study. hemoglobin, iCa, BE, pH, and uCr/sCr values than survivors (Table 3 and Supporting Information Table S7 ). These findings were mainly confirmed when the comparison between survivors (n 5 33) and nonsurvivors (n 5 36) was performed in dogs having intrinsic AKI (Supporting Information Table S8 ). Several variables were associated with an increased risk of death in the overall population of dogs with AKI. Base excess, total bilirubin, and iCa were retained in the multivariate model ( Figure 2 and Supporting Information Table S9 ).
Results of ROC curve analyses evaluating the FE of electrolytes and uCr/sCr for the discrimination between volume-responsive AKI and healthy controls, volume-responsive and intrinsic AKI, and survivors and nonsurvivors are reported in Table 4 .
| D ISC USSION
Our study characterized clinical and clinicopathological features of AKI occurring in a wide population of critically ill dogs. The prevalence rates of intrinsic and volume-responsive AKI were similar in the study population. Causes and diseases associated with AKI were various and Data are reported as mean 6 SD or median and (range) based on their distribution. Abbreviations: AKI, acute kidney injury; BE, base excess; CRP, C-reactive protein; FECa, fractional excretion of calcium; FECl, fractional excretion of chloride; FEK, fractional excretion of potassium; FEMg, fractional excretion of magnesium; FENa, fractional excretion of sodium; FEP, fractional excretion of phosphate; FEurea, fractional excretion of urea; NA, not applicable; SBP, systolic blood pressure; UAC, urine albumin to creatinine ratio; uCr, urine creatinine; uCr/sCr, urine creatinine to serum creatinine ratio; uGlucose/uCr, urine glucose to creatinine ratio; UO, urinary output; UPC, urine protein to creatinine ratio; USG, urinary specific gravity; uUA/uCr, urine uric acid to creatinine ratio. a Significantly different from control dogs. b Significantly different from dogs with volume-responsive AKI.
TRO IA ET AL. Table 3 in Supporting Information for details). Only variable with P < .05 are reported. FECa, fractional excretion of calcium; FECl, fractional excretion of chloride; FEK, fractional excretion of potassium; FEMg, fractional excretion of magnesium; FENa, fractional excretion of sodium FEP, fractional excretion of phosphate; HR, hazard ratio; SBP, systolic blood pressure; uCr, urine creatinine; uCr/sCr, urine creatinine to serum creatinine ratio; UPC, urine protein to creatinine ratio; USG, urine specific gravity; uUA/uCr urine uric acid to urine creatinine ratio; uCr/sCr urine creatinine to serum creatinine ratio 6 our findings. Urinary uric acid has been proposed as a marker of tissue hypoxia in humans, 28, 29 and an increase in uUA/uCr occurs in dogs with volume-responsive AKI and systemic inflammation combined with alterations in variables of low tissue perfusion. 30 Our study documented a significantly lower frequency of death in dogs with volume-responsive AKI than in those with intrinsic AKI.
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According to our diagnostic criteria, dogs with volume-responsive AKI had an apparently less severe impairment of renal function documented by a lower AKI grade and sCr upon admission. Although GFR could not be correctly estimated by sCr during AKI, this hypothesis might explain the lower case fatality rate noticed in this group. Discriminating intrinsic versus volume-responsive AKI could not have any apparent therapeutic implication. 31 However, the early differentiation of transient volume-responsive kidney injury from the intrinsic form could add clinical and prognostic information. In this regard, both the veterinary clinician and the animal owner could be supported in the decision-making process and the management of the AKI patient (eg, predicting the reversibility of kidney failure, or proposing adequate therapies depending on the expected "renal outcome"). The potential of urine chemistry to distinguish between these conditions quickly at the time of AKI diagnosis is, therefore, of value and supports its evaluation in the clinical practice.
The performances of urine chemistry and FE of electrolytes with respect to AKI diagnosis were variable in our study. In this regard, FECa, FEK, and uCr/sCr performed excellently ( Table 4) , showing that lower FEs and higher uCr/sCr values should be expected in healthy dogs with normal renal function. On the contrary, and unexpectedly, FENa was not different between volume-responsive AKI and control dogs. These latter results are difficult to compare with the available veterinary literature due to the paucity of data and the lack of inclusion of healthy control dogs. 7, 25, 32 Moreover there is evidence that AKI in the course of sepsis and systemic inflammation can trigger severe sodium retention in humans. 16, 33 For these reasons, the diagnostic value of FE of electrolytes other than sodium could be more suitable for the diagnosis and prediction of AKI in similar settings in dogs.
The case fatality in our study was 41% and is partially in line with the previous case fatality rates for dogs with AKI. Only statistically significant variables (P < .05) are reported. Abbreviations: AKI, acute kidney injury; BE, base excess; FECa, fractional excretion of calcium; FECl, fractional excretion of chloride; FEK, fractional excretion of potassium; FEMg, fractional excretion of magnesium; FENa, fractional excretion of sodium; uCr/sCr, urine creatinine to serum creatinine ratio; uGlucose/uCr, urine glucose to creatinine ratio; UO, urinary output; UPC, urine protein to creatinine ratio.
grading systems to reflect AKI severity, while the prognostic role of azotemia at the time of hospital admission remains controversial. 19, [37] [38] [39] [40] Recently, increased GFR and UO and decreased
FENa over the course of hospitalization were associated with renal recovery and predicted survival in a population of 10 dogs with naturally occurring AKI mainly managed using hemodialysis. 2 Several clinical and clinicopathological variables were associated with mortality in our population of dogs with AKI, including FE of electrolytes; overall, they were mainly indexes of renal dysfunction and tubular impairment. In particular, FECa had the best diagnostic and prognostic accuracy among the FEs evaluated in the study. Moreover, sCr and uCr/sCr upon admission had a prognostic value in our cohort. These results might have been influenced by case series composition and AKI etiologies or mainly by the lack of renal replacement therapy in our setting.
Nevertheless, the prognostic impact of variables that could reflect renal damage/dysfunction independently of the therapeutic management available, such as FE of electrolytes, was shown to be more useful in dogs with AKI, as previously suggested. 2 Urinary volume was predictive of death in previous studies in dogs 2, 38 and maintains a prognostic role in humans. 41 Frequencies of death were significantly higher in dogs with oligo/anuria (UO <1 According to the survival analysis, BE, iCa, and total bilirubin were significantly associated with mortality. These data are preliminary and partially in line with the available literature on AKI in dogs. 37 In addition, the prognostic role of hyperbilirubinemia, metabolic acidosis, and Table 5 in supporting information for details). Only variables with P < .05 are reported. ALT, alanine transaminase; BE, base excess; FECa, fractional excretion of calcium; FECl, fractional excretion of chloride; FEK, fractional excretion of potassium; FEMg, fractional excretion of magnesium; FENa, fractional excretion of sodium; Hb, hemoglobin concentration; HCT, hematocrit value; HR, hazard ratio; UPC, urine protein to creatinine ratio. Oliguria/anuria defined as urinary output <1 mL kg -1 h -1 for at least 6 hours 2 Although unlikely due to the historical, laboratory, and imaging findings of the dogs in our study, pre-existing renal disease cannot be completely ruled out. Additionally, specimens and data collected through the overall hospitalization period to assess full renal recovery were not analyzed for our study nor were novel biomarkers of kidney damage aimed at a bet- 
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